Fish scales are inedible and hence thrown away as industrial waste, which is one of the major sources of pollution in the natural environment. The concept of a sustainable ecosystem, along with the growth of developing countries in the tropics, has made it essential to devise schemes to turn waste products into viable biotechnology materials. This study looked into potential biomaterial safety by investigating the levels of heavy metals and accumulation of potential carcinogens from the marine environment in scales of two brackish water fishes: red tilapia (Oreochromis niloticus) and Asian sea bass (Lates calcarifer). The closed acid digestion method was used to measure the levels of lead, zinc, copper, and cadmium using the inductively coupled plasma mass spectrometer. Mean concentrations obtained indicated that L. calcarifer scales contained higher levels of the heavy metals, and it was observed that essential metals accumulated at higher concentrations compared to nonessential heavy metals in both fishes. Significant relationships (p , 0.001) were found between fish type and heavy metal accumulation for all metals assessed except for lead. Nevertheless, the metal concentrations were still lower than the national and international standard maximum permissible limits for human consumption. Thus, it can be concluded that fish scale waste could be treated as wealth in biotechnological industries for the reduction of toxic materials from waste effluents.
INTRODUCTION
Marine pollution has become a matter of concern across the globe over the last few decades. This pollution is growing at an alarming rate and has become an important problem (Malik et al., 2010) . The main contributors to the crisis are anthropogenic activities, rising population numbers, urbanization, and agricultural and industrial advancements (Abdel-Baki, Dkhil, and Al-Quraishy, 2011) .
Environmental pollution causes poisoning, diseases, and even death in fishes. Absorption and accumulation of heavy metals in various biological tissues are different, and it is an important biomedical problem (Radan et al., 2017; Vazdani et al., 2017; Wan et al., 2013) . Heavy metal contamination is one of the forms of marine pollution that impairs aquatic ecosystems, because they cannot be degraded rapidly in the marine environment. Several studies have been carried out on the harmful effects of essential metals such as copper (Cu), nickel (Ni), chromium (Cr), zinc (Zn), iron (Fe), cobalt (Co), manganese (Mn), and chromium (Cr). The excess quantities of heavy metals are harmful, because they destabilize ecosystems due to their bioaccumulation in organisms, and elicit toxic effects on biota and even death in most living organisms (Emere and Diabal, 2013; Javed and Usmani, 2011 , 2012a , 2012b , 2013c , 2013a , 2013b Taweel, Shuhaimi-Othman, and Ahmad, 2012) . These toxic elements are deposited, assimilated, or incorporated in water, sediment, and aquatic animals, thus causing contamination of water bodies. Heavy metals are also naturally occurring in water, and small amounts of heavy metals such as Cu, Ni, Cr, and Zn are essential for the survival of aquatic organisms. However, when the amounts exceed the maximum level needed by the organism, toxicity may ensue (Kamaruzzaman et al., 2010b; Yasin et al., 2017) . The balance of the aquatic food chain may then be disrupted, because fishes, often at the top of the chain, may concentrate large amounts of metals from the water.
Heavy metal exposure through diet is common in any population (Copat et al., 2012) . Fishery is one of the most important food production sectors in supplying protein to the human population (Naeem, Ishtiaq, and Naz, 2017) . According to the 2014 report of Food and Agriculture Organization (FAO), fish continue to be the most traded food commodity and people worldwide consume fish as a primary source of protein. Fish consumption has increased over the years because of its high protein supply, low saturated fat, and omega fatty acid content, which are known to contribute to good health (Shareef et al., 2017) . Therefore, the health risks associated with consumption of fish contaminated by the heavy metals are becoming an important worldwide concern (Copat et al., 2012) . The high demand of this source leads to an increase in fish production, as well as waste products. Fish scales are an example of the fish waste products available in the fish market in huge amounts. With the mass production of this biowaste, scientists and environmental conservationists alike should deliberate on the possible utilization of this product to modify it into beneficial materials with the use of biotechnology resources (Darafsh et al., 2008) .
Fish scales also contain chitin, which is a natural biopolymer that has a similar chemical structure to cellulose and can be applied in industrial products such as cosmetics, drug carriers, and agriculture (Shahzad et al., 2017; Zaku et al., 2011) . In addition, heavy metal pollution has affected the sustainability of the fish population in the sea. Fish are also sensitive to heavy metals and can accumulate heavy metals or potentially carcinogenic materials in their organs or tissues, and they are often used as indicators of heavy metal contamination in the aquatic system. Accumulation of metal residues in wild fish from marine species has been described in several reports. Metals may be accumulated by marine organisms, including fish, via the food chain or direct absorption that on consumption enter humans, causing acute or chronic disorders (Abbasi and Yasin, 2017) .
As reported by Coello and Khan (1996) , fish scales are a first line defense for fish against heavy metal pollution, and because the scales form the outer part of the fish, it is probable that the scales might accumulate heavy metals earlier than the other parts of the fish. Significant alterations in scale, structure, and dispersal of chromatophores were observed by the effect of heavy metal pollutants, which indicate the effect of wastewater on scales and chromatophores in freshwater fish Channa punctatus from the Tung Dhab drain (Coello and Khan, 1996; Jindal and Sharma, 2011; Kaur and Dua, 2012; Tunggolou and Payus, 2017) . A study on the accumulation levels of heavy metals and potential carcinogenic materials in the scales should therefore precede research on the possible utilization of the scales to identify possible hazards, especially to human health.
This study was conducted to determine and compare the accumulation levels of heavy metals in fish scales or potentially carcinogenic materials in tilapia and sea bass scales, which represent freshwater and marine fish, respectively.
METHODS

Sample Collection and Preparation
Asian sea bass (L. calcarifer) and red tilapia (O. niloticus) were purchased from the fish landing market of the Kuantan estuary, Pahang. These types of fish were quite popular, because they are cultured in coastal areas and sold in abundance, and a lot of fish scales can be obtained from the species from this market. With a fish scaler, the scales were removed from the fish and later cleaned and weighed. Fish scales were left in the oven at 408C for 48 hours to obtain the dry weight. The yield of dried scales was weighed, and the scales were stored in the dryer for further processing. Samples were taken to ensure that they were dry, and the constant weight was obtained before acid digestion (Ali et al., 2017) . They were placed in uncovered plastic vials and put into the oven at 608C for 2 to 3 days until the constant weight was obtained. This process was also applied to standard reference material (SRM) Oyster Tissue 1566b. The size-reduction step was done to reduce the size of scales into a fine powder form. Next, the scales were reduced to fine powder by initially grinding and then putting them through a 63-lm sieve to obtain a finer product.
Acid Digestion Method and Inductively Coupled Plasma Mass Spectrometer Analysis
An amount of 0.05 g of samples and SRM were weighed, transferred into a Teflon bomb, and added to 1.5 ml of a mixture of acids (nitric acid/hydrochloric acid/hydrofluoric acid) at a ratio of 4:3:3, followed by a heating process in the oven at 1508C for 5 hours. Heating was later repeated with the addition of 3.0 ml of mixed ethylenediaminetetraacetic acid and boric acid. A hundred times dilution for each sample was achieved using Milli-Q water before analysis with the inductively coupled plasma mass spectrometer (ICP-MS). For accuracy and validity, three replicates of each sample were used, Oyster Tissue 1566b (National Institute of Standards and Technology) was chosen as the SRM, and recovery rates were ensured to be in the range of 95 to 105% of the certified value. The values of Pb, Zn, Cu, and Cd concentrations in the fish scales were calculated based on dry weights to reduce variability based on the differences in the moisture content of the scales.
Statistical Analysis
The data obtained were analyzed using an independent t test to test the difference between two means of independent samples.
RESULTS AND DISCUSSION
Correlation coefficients of the heavy metals of study were in the range of 0.9994 and 0.9996, and acceptable recovery rates are shown in Table 1 , ranging from 96.87 to 104.46%.
ICP-MS Analysis
The measured mean concentrations of heavy metals in O. niloticus and L. calcarifer scales are shown in Table 2 . The Zn concentration level was higher in O. niloticus scales than the other metals, with mean 6 standard error of the mean (SEM) concentrations of 35.847 6 0.66 lg g À1 , followed by Cu (0.317 6 0.01 lg g It was also observed that Zn was higher in L. calcarifer scales than other metals, with a mean concentration of 110.313 6 0.27 lg g À1 ; mean concentrations of Cu, Pb, and Cd were 19.035 6 0.05, 0.173 6 0.13, and 0.018 6 0.001 lg g À1 , respectively. Observation also revealed that the accumulation level of essential metals is greater than that of nonessential metals in O. niloticus and L. calcarifer scales, in the order Zn . Cu . Pb . Cd. The higher accumulation of Zn and Cu conforms to most living organisms in the water needing essential metals, because they play an important role in the formation of tissues, as well as in ionic regulation of cells. The accumulation of nonessential metals Pb and Cd may simply be because of their increased levels in the environment, as indicated by several studies, which stated that the accumulation of heavy metals is linearly related to the environmental levels of the heavy metals (Jezierska and Witeska, 2006; Moiseenko and Kudryavtseva, 2001) .
The data obtained from the study showed that the concentrations of the essential metal Zn in the scales of O. niloticus and L. calcarifer were higher than those of other metals, as similarly reported in other studies (Darafsh et al., 2008; Farrell, Hodaly, and Wang, 2000; Kamaruzzaman et al., 2010b) . The higher accumulation level of Zn may be because of the function of Zn in regulating the physiological and chemical mechanisms in most organisms. Zn has an important role in the biosynthesis of nucleic acids, in addition to being involved in various enzymatic reactions (Kamaruzzaman et al., 2010c) . The metal may be derived from natural sources in the environment or from human activities that might have caused water pollution. Zn used as an anticorrosive agent may also affect its concentration levels in water because of its ability to oxidize faster than other metals. There is a tendency for organisms to accumulate Zn in their tissues, because it is an important precursor for many enzymatic activities (Kamaruzzaman et al., 2011) . This also applies to Cu, because it is also an essential metal of several enzymes and is necessary for the synthesis of hemoglobin (Malik et al., 2010) . Cu generally occurs in water in a nonpolar or cationic form, enabling it to easily penetrate the cell membranes. Concentrations of Cu, however, rarely exceed permissible levels in edible marine tissues except in the soft tissue of oysters (Ismail, Husain, and Zakaria, 2017; Kamaruzzaman et al., 2011) .
The heavy metal Pb, however, accumulated at lower concentrations in scales of both O. niloticus and L. calcarifer compared to the other heavy metals. Pb is a natural component in the marine system. It is present at low concentrations in clean seawater, sediments, and tissue of marine animals and plants. Pb is known to be released into the environment from different sources, such as through exhaust gases, geomorphologic soil contamination, and mining. The results obtained for levels of Pb from both fishes coincide with the conclusions by Darafsh et al. (2008) that fish scales are a weaker index for Pb than Zn. The bioaccumulation of Pb in fish scales was also found to be less than that in sediment samples in the same study. However, Pb and Cd are known toxic elements, which might be carcinogenic to aquatic biota and humans if accumulated in high concentrations. Daily intake of Cd in foods by humans may cause its level to exceed the normal range. Chronic exposure to Cd will cause defects in tubular kidney function, which can progress to more serious renal damage (Neff, 2002) . Among these two samples, Cd content in O. niloticus was lower than that in L. calcarifer. Bioaccumulation of Cd by marine organisms depends on the concentration of dissolved Cd in the water to which the organism was exposed and hence indicates a low level of Cd in the environment of the fishes in this study. Besides water, Cd can be obtained from the sediment and diet of the fish.
The concentrations of heavy metals in this study were compared with other fish scale studies and fish muscle studies, as presented in Table 3 (Darafsh et al., 2008; Farrell, Hodaly, and Wang, 2000; Irwandi and Farida, 2009 ). The concentration of Zn was consistent with its value being the highest among all metals. All studies also made comparisons to the permissible levels of heavy metals from the FAO/World Health Organization (WHO; 1984) and the Malaysian Food Regulation (MFR, 1985) . The value of Zn in all studies was far below that of the FAO/WHO (1984) limit, which is 200 to 500 lg g À1 dry weight.
However, the value of Zn in fish scales from Goodpaster River, Alaska, exceeded the permissible limit of MFR (1985) at 323 lg g À1 of dry weight. The concentration of Cu and Cd for this study and the study done in Langkawi Island, Malaysia (Atta, AbdelKarim, and Elsheikh, 2012) were also both well below the MFR, 1985) .
Present study (2012) permissible limits of FAO/WHO (1984) and MFR (1985) . The lowest concentration of Cu was 0.01 lg g À1 dry weight recorded in Langkawi Island, but no value was recorded for Cu in Goodpasture River, Alaska, and the Caspian Sea. Cd was also not reported in the Caspian Sea, but the value of Cd in Goodpasture River was shown to be under the concentration that can be detected by analytical techniques. The concentration of Pb in this study has the lowest value, but Pb in all studies was under permissible levels except in the Caspian Sea, which was above the MFR (1985) limit.
Generally, bioaccumulation of heavy metals in fish may produce risks to human health. There is increasing attention because of contamination of the aquatic ecosystem by heavy metals, which has left devastating effects on the ecological balance of the recipient environment and diversity of the aquatic organisms. Higher concentrations of Pb and Cd were found to be toxic, because they tend to accumulate in fishes and have been implicated in various adverse effects (Kamaruzzaman et al., 2010a) . A man, who is at the highest level of food chain, will consume the fish without realizing the effects that may follow. The consumption of high concentrations of heavy metal may affect human metabolism. It may affect metabolic activity and lead to several defects in the human body, as well as cases of morbidity. The daily and weekly consumption of fish were estimated, and calculations showed that if people were to consumer fish for 7 days, then they might have consumed approximately 18.48 lg of Pb (2.64 lg 3 7 days) (Vinodhini and Narayan, 2008) . This result is lower than the permissible limits for the provisional tolerable weekly intake of Pb (50 lg adult À1 ). However, other studies have shown that accumulated levels of heavy metals in the fish will increase linearly with time of exposure, raising the hazard of fish consumption (Akan et al., 2012; Shakweer and Abbas, 2005) .
Between the two species of fish, only levels of Pb were not significantly different from each other ( Table 2 ). The basis of the significant differences in the amount of the other heavy metals measured may result from inconsistencies between diet and nutrition of the fishes and the difference between marine and freshwater environments. The accumulation of metals in the body of the fish occurs through gills and food. Because the gills are exposed to the aquatic environment, they become the first targets of waterborne metals. Numerous studies have reported that gill epithelium is the major route of biouptake of metals that are concentrated in fishes. The accumulation rate depends on the balance between rates for uptake metabolism of the chemical and rates for excretion (Ongeri et al., 2011) . Seasonal factors, water salinity, hardness, and acidification may contribute to the accumulation levels of heavy metals in fish. Similar studies showed that the levels of heavy metal accumulation increased with temperature (Karakoç, 1999; Molina, 2011) . Fish that were captured in summer also seemed to accumulate higher levels of heavy metals than in other seasons. In contrast, as the water salinity increases, the levels accumulated became lower (Hartwig, 2000) . Water acidification affects the levels of heavy metals either directly or indirectly, and levels in fish became lower when the water pH rises (Feizbakhsh and Saedi, 2013) . One other factor that may affect the level of heavy metals in marine and freshwater fish is the size of the fish; metal concentrations were found to increase with increasing body length (Kamaruzzaman et al., 2010a) .
The apprehension of carcinogenicity arising from the heavy metals consumed from fish has led to health risk assessments of exposure to heavy metals bioaccumulated in fish products (Deore and Wagh, 2012) . Pb has been shown to raise concerns as being the probable heavy metal to cause adverse health reactions in humans, but the lifetime probability of an individual developing cancer from Pb as a result of consumption of these fishes is not similar to the heavy metal arsenic (As), which has been shown to cause carcinogenic health effects through the oral route exposure. Cd, at low noncytotoxic concentrations, was also reported to disturb nucleotide excision repair and repair of modifications to oxidative DNA bases, thereby posing a potential for carcinogenicity based on the metal oxidation state and solubility (Hashim et al., 2014) . Renal and nervous systems of fish, as well as gills, were damaged because of metals such as Cd, Pb, and mercury and because of the severe destructive pathological changes and structural lesions that occur (Lin et al., 2010; Prabu, Shankarlal, and Natarajan, 2012) . Monitoring of heavy metal levels and other pollutants in fish tissue and fish scales should therefore be consistent with the expansion of industrial and domestic areas, because influx of wastewater into water bodies may have a direct impact on human health following seafood consumption (Ghosh et al., 2016; Rahman et al., 2013) .
CONCLUSIONS
The levels of the heavy metals measured in this study thus indicated the possibility of using inexpensive fish scales as a material for innovation in the biotechnology field. Other than as an absorbent for removal of heavy metals from synthetic wastewater aqueous solutions, the unlikely toxicity of these metals to humans and their capacity to be in direct contact with body fluids have resulted in ingenious inventions such as corneal tissue regeneration. Previous studies in this laboratory have proved that the scales of red tilapia (O. Niloticus) did not induce allergic sensitization of the skin when in direct contact with the body. The red tilapia (O. niloticus) scale is thus seen to have a potential as a pharmaceutical or other beneficial product, providing an alternative to waste reduction as part of the effort of conserving the environment. Fish waste processing is becoming more crucial parallel to the increasing global demand for seafood, and it plays a significant role in the sustainability of the fishing industry, in the economy, and in environmental conservation. These biotechnological advances may provide an avenue to modify increasing biowaste into beneficial resources useful in the pharmaceutical and health industries in the pursuit of improvement in quality of life while protecting the environment. also grateful to the Research Management Centre, IIUM, for providing funding to publish this research through the Research Initiative Grant Scheme (RIGS16-106-0270).
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